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ABSTRACT: 

MUCl is a membrane-anchored mucin and its cytoplasmic tail (CT) can interact 
with many signaling pathways and act as a co- transcript! on factor to activate genes 
involved In tumor progression and metastasis. MUCl is overexpressed in renal ceJJ 
carcinoma with correlation to prognosis and has been implicated in the hypoxic 
pathway, the main renal carcinogenetic pathway. In this context, we assessed the 
effects of MUCl overexpression on renal cancer cells properties. Using shRNA strategy 
and/or different MUCl constructs, we found that MUCl-extracellular domain and 
MUCl-CT are involved in increase of migration, cell viability, resistance to anoikis and 
in decrease of cell aggregation in cancer cells. Invasiveness depends only on MUCl- 
CT. Then, by using siRNA strategy and/or pharmacological inhibitors or peptides, 
we showed that sheddases ADAMIO, ADAM17 and gamma-secretase are necessary 
for MUCl C-terminal subunit (MUCl-C) nuclear location and in increase of invasion 
property. Finally, MUCl overexpression increases ADAMlO/17 protein expression 
suggesting a positive regulatory loop. In conclusion, we report that MUCl acts in renal 
cancer progression and MUCl-C nuclear localization drives invasiveness of cancer 
cells through a sheddase/gamma secretase dependent pathway. MUCl appears as 
a therapeutic target by blocking MUCl cleavage or nuclear translocation by using 
pharmacological approach and peptide strategies. 



INTRODUCTION 

MUCl is a Imge O- glycoprotein type I transliiled 
as a single polypeptide that undergoes autocleava^e 
inio N-temiinal fMUCl-N) and C-temiinal {MUCl-C) 
subiinils allowing the formation of a helerodimer through 
a Mable non-covalent ai^sociadon [I]. In adulL MUCl 



expression is cell- and tissue-specific and is altered 
during carcinogenesis. The MUCl-N is an extracellular 
domain containing extensively 0-glycos>lated tandem 
repeat 20 amino acid (AA) sequence and promdes far 
away from the apical side of the cell (200-500 nm). The 
MUCl-C includes a 5K-AA extracellular domain, a 2S- 
AA transmembrane domain and a 72-AA cytoplasmii: tail 
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(CD [1] MUCl-N may be released from cell-surface by 
3 mecham.sm dependent on al leasl ivjo sheddases. TACE/ 
ADAML7 [2] and MTl-MMP/MMPl 4 [3]. MUCl-C (i) 
ako l1 ^ub^lrale for y-sccre[yse |4] and several kiliiise.s 
such as Src, GSK_^p. I'J3K [1]. (iil can interact with 
Ivrosine kinase receplor.s such as EGFR anJ (iii) pbys a 
role m signal transdjcdon. Nuclear [ransport of MUCl- 
C r is dcpcudeni on the CQC motif \s hich is required for 
its dimcrization and direct interaction with impcrtin ^ and 
nucleoporin 62 [1], MUCl-CT acta as a co-transcription 
factor to activate genes involved in tumor progression and 
metastasis [T |. 

Renal cell carcinoma corresponds to 5'^'" of all 
adult malignancies and originates from renal tubules. The 
mam histologic subtype is represented by clear renal cell 
carcinoma (cRCC; [5]). Nmctv percent of cRCC present 
a biallelic inaciivaiion of die von Hippcl Lindau (VHL) 
tumor suppressor gene resulting in constitutive activation 
□f hypoxia signahng pathway via the Hypoxia Inducible 
Factor (HIF) -1 transcription factor that contributes lo the 
physiology of tumours [6, 7], cRCC is typically highly 
resistant to conventional systemic therapies. Previous 
studies have shown that MUCl is diffusely overexpressed 
in cRCC [H, 9] and MUCl overexprcssion has been found 
to be associated with metastatic disease and a worse 
prognosis [10, 11]. MUCl is a target gene of HIF- 1 [31] 
but also a regulator of its activity [12. 13]. 

The purpose of this article was to better understand 
(a) the roles of MUCl overexpression on renal cancer 
cells properties in vitiv and in vivo and fb) the mechanism 
involved in MUCI-C nuclear localization. 

RESULTS 



Koles of ML'Cl in renal cnncer ceii properties 

To assess MUCl roles on kidney cancer cell 
properties, we used renal cancer cell lines expressing 
(7S6-0) or not (ACHN) MUCl at protein levels. By 
stable transfection, we first generated ACHN clones 
expressing MUCl full length (MUC1FL; Fig. 1A) and 
(ii) 7S6-0 clones knock-down for MUCl expression 
(MUCI-KD) using a ^/d*NA strategy {.r/^ LI MUCl and 
5^1.2 MUChFig. IB). The role of MUCl in the migration 
properties of renal cancer cells was assessed using Bovden 
chambers (Fig. IC) and wound healing assays (Fig. IS)^ 
we observed significant enhanced migration in ACHtJ 
clones expressing MUCl bv and 2-fold, respecrively. 
In contrast, in 786-0 MUCI-K.D clones, a reduced 
migration was observed compared to control cells (H5"'n 
inhibition. p^O.OOl; Fig. ID). Invasion assays showed that 
MUCl expression significantly enhanced invasiveness 
properties of ACHN clones compared to EV control 
cells (4.2 fold, p^O.003: Fig. IE) whereas MUCI-KD in 



786-0 lowered invasiveness by 8(y'/o (p<O.OOI ; Fig. IF). 
MUCIFL ACHN cells presented significantly decreased 
cell-cell aggregation levels compared to EV ACHN cells 
(39% vs 19K. p<O.Ol; Fig IG) whereas a decreased of 
MUCl expression in .v/;M MUCl and.^/rl.2 MUCl 786- 
O cells was associated with an increased cell aggregation 
compared lo control cells vs 2(i%, p<O.Oh Fig. IH). 
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Figure 1: MLCI incrcu&eb ml}>rutory und invusive 
pruperlieii and decreases celt-ctll inlerucliun in ACHN 
und 786-0 cells. Wc:ili:rn blolling WL'rt: ptrfurnitrd with 
anli-MUCl largeling VNTK exirQcolluljir domain (MS) or 
lopl^ismic Liil (Ab'.SK !>nd EnHi-^-ak^lin i^nlibodics on whule 
llU LxLraLti ciblainii^d Irom {A) ACHN cfonei stubly tran.'ifL'i^led 
^^ilh drlTcrenl espi^ii^Lon vt-cldTii. MLICl-Futl Length 
(MLTCIKH, -dd^'led for ilji Tandem Rcpi'dl domain (MUCl ATk) 
or -dt:]i:1i:d for ilb; Cyluplasmic Tail (MUCIACI') ur an umpiy 
vector (FV'l or (B) from 7S6-0 doncs slably iransifmed with 
a shltNA i:onlrol (siiramblt) or with .vARNA targtiing MUCl 
(.v^l.l ond^/pl.2). Coll migrjiion of ACHN fC) and 7S&-0 (D} 
clones was evalaatird ui^mg 24'Well migcatton Lhiimbcni widi 
lO^'ii fetal call' serum as i-hemuallrjelant The unlues abtalned 
in EV-ACHN and scramble 7K6-0 Lonlrol ccl(s wert: referred [o 
as 100. The graphs show a pcrceniage of control migration 24h 
after seeding. Values !kre me!kn& s.c.m (standard errur mean j and 
reprt:!ienl five i^L-parale experimenL^ p<U.O0l 1. Cell invasion 
({b} ACHN clones and (F) elonoi) was evaluated using 

24-well Malrtgel' invasion chambers with IO°'ii fetal calfseram 
as ehemoatuactanl. The valuer obtained in EV-ACHN und 
scramble 7S6-0 eonlrul cells were referred lu as 100. The graphs 
shoiv a percentage of eonliol Invasion 24h a iVer .■needing. Values 
are means s.e.m and represent five separate esperimenli 
p^O.OlU) ACHN {G) and (H) eloncs were seeded on 

agarose O.fi'^u under shaking Afli-r Ih, aggregated and isolated 
cells were counted lo determinate of cell aggregation. Values 
are mean^ s.e.m and represent al least three separaleesperimenls 
p<C 01}. 
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The ability af different ACHN and 786-0 clones to adhere 
on type IV callagen, lammin, fibmnectirL vitronectin 
□r type T collagen was also cLssessed but no significanl 
differences were Dbser^'ed for any clone (dala nol shown). 
Bv using a MTS a:^sav, we tbund that MUCI expression 
significaiilly increased cell viability in MUClFL ACHN 
and Scramble iVb-O clones (p<0.05 and p<O.OI; Fig. 
2A and B). Anoikis, an apoplotic program induced by 
loss of cell-matrix interaction, was finally invesligaled 
using polv-HBMA coaled piatEs. Afler live days, MUCI 
expression significantly increased cell viability only in 
MUCIKL ACHN and Scramble 7B6-0 clones {p<0.01: 
Fig. 2C and D). Altogether, these results indicate that 
MUCI (over)expression in renal cancer cells increases 
migration, invasion, cell viability, resistance to anoikis 
and decreases cell-cell interaction. In order to understand 
the relative contributions of the MUCI tandem repeal and 
cytoplasmic tail domains in diese properties, we generated 
by stable transfection ACH>J clones expressing MUCI 
deleted for its Tandem Repeat domain [MUCI AI R.) or for 
iiti Cytoplasmic Tail (MUCIACT) (Fig. lA). We showed 
dial both of these domains were essential in migration 
[Fig IC and IS), cell viability (data not shown), resistance 
to anoikis (Fig. 2C) and decreased of cell-cell interaclion 
(Fig. IG) since no significant difference was observed 
between MUCIATR. MUCIACT and EV-ACHN clones. 
In sharp contrast, the impact of MUCI on invasiveness 
further depends only on MUCl-CT {Fig IE) since no 
difference for invasiveness was observed between EV and 
MUCIACT ACHN clones. 



MUCI increases tumor growtJi ut vtfo 

To further confirm these in vifm data of MUCI 
effects on tumor cell properties, subcutaneous xenograft 
experiments were carried out on SCID mice. From 
week 9, the tumor volume was significantlv higher in 
xenogiafled mice with MUCI FL ACHN clones compared 
to EV control (p<0.05; Fig. 3). At week 12, the relative 
tunior volume was 420.3 ± 42.9 mm' for ML'Cl FL clones 
whereas in control EV-ACHN clones, tumor \oIume was 
139.4 ± 5.7 mm^ (p<O.Ol ; Fig. 3). No significant difference 
was observed between MUCIATR, MUCIACT and EV- 
ACHN clones. These data show that both tandem repeat 
domain and cvtoplasmic tail of MUCI are needed for 
tumor growth in vivo. 

Role of M LCI in intracellular signaling 

Having shown that MUC 1 expression was 
associated with an increase of cell viability, migration, 
invasion, apoptosis resistance and tumor growth, we 
studied the impact of MUCI overexpression on die major 
intr.iccUuiar signaling pathways by Weslem blot (Fig. 4A). 
Expression levels of c-Myc, p-Aki. p-EkKI/3, p-JNK, 
phospho-p3S, cyclin Dl and p-catenin known to be 
involved in proliferation and tumorijjenesis were increased 
in MUCI overexpressing MUClFL ACHN and Scramble 
786-0 clones compared to EV-ACHN and MUCl-KD 
7E6-0 clones. 

MUCI tover)expre5sion in ACHN and 78G-0 
clones was also associated with cell survival since Bax 





Figure 2: MLCl incrcuscs cellulur viability and confLT^ anoikis rcsislancc. ACHN (A, C) and ISb-O (B, D) clones WL-re 
st^il^d in 9(>-\vdl4 plate cuultd iC. D) or not (A, B) with PolyHemu und inciibiiied al i'/"C. By □ MTS a^say, Malar viability wii:i iis.sessod 
everyday fur viabilily and afrt-r 5 davs fur ani]ikL>. OD was read at 4yUnni. l-'oi anoikis assav- mean in £V-.^CHN and 7S6-0 ^erdmble 
L^lones was arbilranly set to 100. Values are moans s.e.m and represent live .■separate cxpenmenis (" p<ii 05, '■ p'={>.0] ). 
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pro-apoptotic marker expression was decreased whereas 
Bcl-xL anti-apnplotic marker expression was increased 
resulting in increased of Bcl-xL/Bax riitio suggesting 
an increase of apoptosis resistauce in MUCI expressing 
cells, ll was also associaled with decreased of caspase 9 
expression and iucreased of p50 and p65 NF-kB subunils 
nuclear local izalion along with activation of NF-kB anti- 
apoplotic signaling pathway fFig. 4B to D). Altogether, 
diese results show thai MUCI expression draniatically 
increases proliferative, migratoiy, invasive and anti- 
apoptotic signaling pathways in renal cancer cells. 

MUCI-C nui-lear localization dependent of 
ADAM/y-secretase pathway 

In normal hiunan epithelial endometrial HES 
cells, Carson ^s team has previously shown that (i) 
MUCI extracellular domain could be released by a 
mechanism dependent on the activity of at least two 
shcddases. TACE/ADAM17 [2] and MTl-MMP/ 
MMI'14 [3], and then, (ii) MUCI transmembrane 
domain (MUCl-C) was a substrate of the y-secrelase 
[4]. Herein, we demonstrated a nuclear localization 
of MUCl-C in renal cancer MUCI expressing cells 
(Fig. 5A and 5E1) and 7a6-0 scramble clones (dala not 
shown). To test our hypothesis that MUCl-C nuclear 
localization is dependent of sheddase/y-secretase pathway, 
we used a t/RN A approach (Fig. 5 A). Compared to ACHN 
cells iransfected with .^/RNA pool control, ML'Cl-C 
nuclear level was strongly reduced in cells in which 
ADAMIO, ADAM17 and FSENl {catalytic subunit of 
y-secrelase complex) expression was knocked-down (65'!g, 
42% and 75% of reduction, respectively; Fig. 5A) whereas 
.wkNA pool targeting MMPI4 has a weaker effect 
of reduction). Fhe role of y-secretasc in MUC l-C nuclear 
localization was confirmed \shen exposing ACHN cells 
lo L6H5»458, a y-secrelase inhibitor, since MUCl-C was 



not detected by Western blotting after 24h treatment (Fig. 
5B). In contrast, ACHN cells treatment with epoxomicin 
(a proteasomal inhibitor) or bafilomycin (a vesicular 
proton pump inhibitor blocking the endosomal/lysosomal 
activity) has no impact on MUCl-C nuclear level (data 
not shown). 

Thus, diese results indicate thai the MUCl-C 
nuclear localization depends on sheddases (ADAM 10 and 
ADAM 1 7) as well as y-secretase activities. 

Inipat^t of MUCl-C on invasive properties is 
dependeot on AUAIVllO/y-secreta&e activities 

Having shown previously that MUCl-C was 
enough to increase invasive properties, we tested the 
hypothesis that the sheddases ■y-secrelase pathway 
could alter the invasiveness of renal cancer cells. By a 
.?/R.NA approach^ knockdown expression of PStN I and 
ADAM 10 significantly decreased invasiveness compared 
to MUCIFL.ACHN cells iranstecied wilh control .vdiNA 
(70" n and of reduction, respectively. Fig. 5C) 
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Figure 3: MUCIFL increases cell |>rt>\>'th In vivo. 

Subculanoau? injcirlions wilh AL'HN L^unci slably iransfocled 
wilh iin i:mpty vendor (HV; — 1- wilh MUClHL- [■ 
1. with MUCIAIK' { — ■ — ) ur with MUCIACT 
l-txpreision \ei:njr'i wore performed m SCID mice Values are 
mean^ s.e.m and n-prcient values ublaincd in 6 mice (* p<U.05, 
■•p<0.01). 
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Figure 4: Impuct of [VlirCl expression on signalin;^ 
pulhwayt. [A) Western blotting on whole eel! e.slraet^ ubluineJ 
from LV- and MUCll-'L-ACHN clones or from 7Rb-0 aerumble, 
sfilA and r/jl.2 clones weic performed. Antibodies against liax, 
Bel-xL, taspiifie9, c-Mye, AkL, phoipho-AkL, p3S, phospho-p^K, 
ERK, phosphu-IHRK, JN'K. phospho-JNK, cyclin Dl, P-ealcnin 
and |l-aetln ivere u:ied. (U) Fvpre^sian of NF-itU p65 and p50 
subunils in cylosolie and nuclear exlracls was earned out by 
wesiem blol. (C-D) Lueifera.'ie aelivily of ihe kQ-Liil- iynlhelie 
piomalei was measured 4Vih after u-ansfeeliun. Lueiferase 
aclivily in EV-ACHN and seramble cells ivas set as I. 

Values are means s e.m and lepiesenl live separate expeiimenls 
(""■p<U DDI). 
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where-js depklion of MMP14 and ADAM 1 7 has no cffccl. 
Also, 24h Ireatmeni with L6a5,45J^ had no eft'cct on basal 
invasiveness of EV-ACHN clones whereas in MUCl FL 
clones, increased invasion medialed by MUCl expression 
was almosi Eolallv abolished (p<0.001: Fig. 5iC). Similar 
rtsulls were observi^d in 7B6-0 clones (Fig. 2S). However 
ADAMlO and y-secrelase have nuriemus substrales 
such as Notch and c-Mcl known to play iniporlant roles 
during renal cancer development [14]. To liirlher define 
the role of MUCl-C contribuiion to kidney cancer cell 
invasiveness^ we treated ML'ClFL ACH>J clones with 
(i) the MUCI-C inhibitor GO-203, a cell-peneiraLing 
D-amino acid peptide which blocks its dimerizalion and 
nuclear translocation and (iik C'P-2. a control peptide [15]. 
SignificanElyn Ireatmcnl widi GG-2U5, but not with CP- 
2, was associated with a 49% decrease of invasiveness 
[p-^0.01. Fig. Together these findings indicate diat 
blockage of MUCI-C nuclear localization either through 
inhibition of ADAM 10 and PStNl expression or direct 
MUCl-C inihibilor are enou^^h to significantly decrease 
renal cancer cell invasiveness. 



MUCI-C induces ADAMIO and ADAM17 
expression 

Next, we checked expre^ision levels of ADAMIO 
and ADAM 1 7 in our different cellular clones and showed 
tliat in ACHN cells^ MUCl expression \sas associated 
witli an mcreased expression of both sheddases bv a 
mechanism dependin^^ on nuclear MUCl-C since this 
increase was lost when MUClFL clones were treated 
with GO-203 inhibitor (Fig. 6A). In 7S6-0 cells, 
MUCl knocked-down expression mediated a decreased 
expression of ADAMIO and ADAM17 (Fig. 6B). In 
normal I'TE cells, MUCl, ADAMlU and ADAMI7 
proteins were undetectable whereas all of Ihem were 
expressed in RCC4, RCC 10 and 7S(i-0 renal cancer cell 
lines (Fig. GC). Bv immunohistochcmistry, we tested 
MUCl , ADAMIO and ADAM 1 7 expression on samples 
of human cRCC. A moderate to strong nuclear expression 
of ADAMIO WHS noted in tumor cells presenting a 
cytoplasmic expression of MUCl fFig. 7) while this was 
faini or absent when MUCl expression was restricted to 
die membrane. Comparatively, ADAM 1 7 expression was 
slightly positive (Fig. 7). In normal renal parenchyma, an 
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Figure Intreitse of in vasivt properties mediutcd by nucleur MUCI-C is tiependentuf ADAMlUyADAlV1l7/y-&een!tuse 
activities. tAt Wi:iiLTn bloitini? waih pt'rlLn-raL'd on nuiiicar iViictiun ufACHN tt'lln iil'icr [rcalini:nl by dilTi^rc:nl .s/KN.A. Ibt intL'nihrtiL-s uf 
ihi^ signals weie deltrmined by dcniiilumi^lric SL^unmng und art fxpres.4i^d ihc relalivi! signal l^[e^l!^ily compured wilti [hal ubtELint^d 
widi ccrnU'irl siKNA (U) HxpFcision uf MUCl-CT in cyla^ulic and nui^leaf rT!kk:l[mis v:^ ^aEtiiid oul hy weaium blolting from EV- and 
MUClFL -ACHN doriM treated or nol with 10 ng/m] orL6ft5,45S. a y-iocretast inhibilur. (C) Cell invasion of ACHN [ran^feelod 
widi diffi:rcnl .h/ltNA or treated 24h wilh 10 ng.'ml of L6S5.45S was evaluated uiing 24-wl"I1 Malrigel' invasion chambers widi \ felal 
catl'^eniui us ehemoatu-jetanl. The gniphs show die loin) number of inva.'iive eells eounted 24h ufier deeding. Values are means s.e.m and 
reprei^eiit five bieparale espercmeniii. (D) invasion esperrment \^'as al^o performed on ACHN eelli irealed \vilh 5 jiM of CP -2 (iiontrol) or 
GO-2t)3 peptides. Vafue^ are means s.e.m and represent five separace e'Lpenmenis p^U 01, p'^O.OCl 1 
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apical membranous MUCI staining was confined to distal 
convoluted tubules. Immunochemisliy for ADAMlO 
showed a membranous staining;; pattern in distal tubuli but 
also in podocytes. No significant staiiimg was observed 
for ADAM 17. 

DISCUSSION 

cRCC is Ihc main hislotype of kidney cancer, 
which is typically highly resislanL to common syslemic 
tlierapies. Deciphering molecular mechanisms thai 
lead lo tumor progression is ur^cnlly needed in order 
lo develop new Iherapeulic siralegies lo cure cRCC. In 
this context, we first focused our altenlion on MUCl 
membrane- bound mucin since its overexpression has been 
reported in epithelial tumours originating from different 
tissues, especially in breast and pancreatic tumours [16, 
17]. Our team and others have reported that MUCl 
(i) is consistently overexpressed in cRCC with a high 
expression correlated to worse prognosis [II. IK], (ii) 
cytoplasmic inimunoslaining is associated with metastatic 
status [11] and liiit is a target gene of HIF-1 transcription 
factor which is a master key of the hypoxia pathway, die 
iimin renal carcinogenetic pathway 1 1 1]. 

In this study, to decipher the impact of MUCl 
expression on renal cancer cell properties, MUCl was 
either ectopically expressed in ACHN cells or knockdown 
in 7S6-0 cells. We demonstrated that MUCl significantly 
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increased migration, invasion, cell viability, resistance 
to anoikis and decreased cell-cell interaction; properties 
shared with other cancer cell lines such as gastric, 
pancreatic and breast cancer cells which together suggest 
a piyotal role of MUCT to cancer cell phenotype [ 1 9-21 1. 
However, little is known about the underlying mechanism. 
Thus, we showed that both I'R and CT domains of 
MUCl were necessary for these properties except for 
inyasiyeness, which only depended on the C'f domain. 
Overexpression of MUCl in different cell lines has been 
shown to inhibit their aggregation by steric hindrance 
due lo iLs large, extended and rigid sinicture [22] but also 
by inhibition of E-cadhenn-mediated cell-cell adhesion 
[2^]. MUCl has also been implicated in cytoskeletal 
reorganization and cell motility through Src-CrkL-Racl/ 
Cdc42 signaling cascade following ICAM-I ■'MUCl 
interaction in breast cancer cells [24]. Ojr signaling 
pathway studies revealed that MUCl expression was 
associated with an increase in the expression of proteins 
known to be involved in prohferalion and tumorigenesis 
such as c-Mvc, phospho-Akt^ pliospho-ERK.1'2, phospho- 
JNK. phospho-p3S, cyclin Dl and p-calenim Previous 
reports have shown that down -regulation of MUCl was 
followed by an up-regulation of E-cadherin and the 
relocation of fl-calenin from the nucleus to the cytoplasm 
and a decrease of invasive properties [25, 26]. We also 
observed that MUCl overexpression is associated with 
increased p-catenin protein levels. In fact, MUCl -Cf is 
also considered as a part of the Wnt^ p-catenin signaling 
pathway, which activation is associated to epithclial- 
mesencliymal transition (EMT). proliferation, migration 
and mvasion in tumor context [ I ]. MUCl-CT can interact 
directly with jJ-catenin through a SXXXX.KSSL motif, 
induces '['CF7L2 transcription factor activation and 
promotes cyclin Dl expression at transcriptional level 
[27]. Furthermore. MUCl and jl-catenin interaction and 
their nuclear translocation are able to iniriate EMT process. 
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I'l^urc 6: MllCl is involved in increuse of ADAMlO 
and AD.A.MI7 txpri's&ion. Wesiem blm pi^rlbrmed un cell 
i^slTiicls (iblaint'd froii] LV- and MUClFL-ACHN clonic lri?iili^d 
ur nui by 5 jiM uf CP-2 unJ GO-203 pcptidi.'^ {A), ^cnimbk', 
j/fI I iind 2 7K6-0 cbms ur primary proximal liibular 
epilhelial ctll? (PTEK RCC4, RCCIO and 7S(>0 concL-r 
ccW linen (C). The dt-iinily of i:ai]h myrki-F was mtiinLircd and 
ADAMIO/oeiin und ADAM! 7.aflin ratios wore delomiined 
and reprL'^enk-d an hisEugcams. Exprensian in conlml neW-i wjis 
arbitrarily lo I. 



FlKure 7: MUCl, ADA.MIW und ADAMI7 txpn-sbion 
in bumun tissue. ImmunuliL^EOirh^mL^ul i:xpie:^si[in ufMUCl, 
ADAMlO and ADAMI7 asse^st-d in human norma] kidney 
(upl and a human k:R.CC {down! In minnul kidnty, MUCl 
slaming reminded lo apical surfat-i^ (inihtrH ufdisral convululod 
lubule^i. membrjnous ADAMlO staining is jinstrl) on dislal 
cunvoluti^d tubulins and nt-galive Al3 AM 17 staining In cCKCC, 
diffuse cyloploniEO MUCl .'plaining. nuL-lear ADAMlO Plaining 
and fueal and weak ADAM17 staining (insert) of Uimur cdls 
(Mognificalion, ■< 200; x400 {insets)). 
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in part by increasing SNAIL IraitEcriplional aclivity, thus 
CDntirming an uncogenic role of MUCl-CT [20, 28]. 
Role* of MUCl-CT as an intriicellular signaling docking 
molecule a^ well ys a co-lranscriptioniil fiicEor have been 
well documenled since lasi decade. In sharp contrasL only 
two receni studies reported that the MUCI extracellular 
domain (MUC l-ECDl was found in nuclear speckles and 
associates with NF-kB pG5 and spliceosomes [29, 30]. 
Further studies are clearly reqjired Lo better nnder:^tand 
new roles of nuclear MUCI-ECD in cancer cells. 

Our data also showed that MUC L expression was 
associated with cell survival since NF-xJi and-apoptolic 
signaling pathway was activated and Bcl-xL expression 
was increased. These results explain, in part, die resistance 
to anoikis observed in MUCI expressing cells. Both 
MUCl-CT and MUC l-HCD were demonstrated to inlerati 
with NF-icB p65, then, migrate to [he nucleus to activate 
NF-kB target genes such as Bcl-xL [29, 31]. Additionally, 
MUCl-CT blocks die interaction between NF-kB p65 and 
IkBq [31]. Like in Rat 3V1 fibroblasts, we showed that 
MUCI expression activated the and-apoptotic PI3KjAkt 
and Bc!-xL pathways and decreased caspase 9 expression 
[32]. These results i:ombined to numerous published data 
suggest that MUCI could be involved in renal cancer 
chemoresi stance since MUCl-overexpressing cancer cells 
have been pointed out to be unresponsive to c he mo toxic 
□gents [33, 34] and to conventional radiotherapy, and that 
chemotherapy is not effective in cRCC [35]. 

In the second part of ojr investigation, we showed 
for the first time diat MUCl-C nuclear localization is 
instrumental to the invasiness property of renal cancer 
cells. This mcclianisni is dependent on both sheddases 
(ADAM I U and ADAM 17) and y-secretase activities, the 
blockade of w hich abolishes the MUCI-C mediated renal 
cancer cell invasiness. Moreover as for other substrates of 
the gamma-secretase pathway^ we showed a feedback-loop 
of sheddase gene expression control bv MUCl-C itself. 
In contrasL pharmacological inhibition of proteasomal 
or endosomal/lvsosomal degradation pathwav, known as 
proteolytic pathways which regulate the degradation of 
intracellular domain release bv the gamma-secretase, had 
no effect on MUCl-C nuclear level. This result suggests 
that this MUCI pool is not in part targeted to degradation 
but is exclusively dedicated to nuclear signaling. In 
renal carcinoma context, studies have reported (i) an 
increased expression of ADAM 10 and ADAM 1 7 in 
renal cancer tissues and ceU lines [36. 37] and {ii) that 
renal cancer cells failed to develop tumours in vivo in the 
absence of ADAM17 [38]. Furthermore, some ajthor^ 
have demonstrated that miR-145 targeted ADAM 17 and 
Oct4 in kidiiev [37] but also ML'Cl in breast cancer 
cells [39]. MiR-145 expression was decreased in renal 
carcinoma [37] and downregulated under hypoxic 
conditions, the main signaling pathway involved in cRCC 
[40]. Interestingly^ cRCC is thought to arise specifically 
{rom the epithelial cells of renal proximal tubules [43] 



and we observed in PTE cells that miR-145 expression 
is higher than in renal cancer cell lines (Fig. 3S). In 
contrast, MUC!, ADAMIO and ADAMI7 were absent 
in PTE cells while they were expressed in renal cancer 
cell lines (Fig. 7CJ. MiR-145 appears as a differentiation 
marker and importantly, miR-145. ADAM 1 7 and maybe 
MUCI seem to be regulated in a reciprocal negative 
feedback loop [37]. ADAMs and y-secretase are a family 
of proteins that are upregulated in several cancers and 
represent new therapeutic targets but clinical phase 
studies of such inhibitors e.g. Batimastat. Marimastat 
or Semagacestat were discontinjed because of side 
effects such as musculoskeletal toxicity, gastrointestinal 
symptoms or infections [14. 42]. MUCl-C represents a 
new attractive druggable target by using promising GO- 
203 eel I -penetrating peptide which blocks MUC l-C 
dimerization and its nuclear translocation. //? vilm and in 
vivo studies have shown that GO-203 treatment increased 
chemosensitivitv of cancer cells [43, 44] by decreasing 
dieir tumoral properties such as proliferation, resistance 
to apoplosis [1 ] and decreased ADAMs expression (this 
studvj. This peptide has entered in I'hase 1 evaluation for 
patients with refractory solid tumors 

In summary, we report in kidney cancer, that MUCI 
is involved in cancer progression and sheddases ADAM 10, 
ADAM 1 7 and gamma-secretase are necessarv for 
MUCl-C nuclear location and in increase of invasiveness. 
Therefore, we postulate that MUCl/ADAM 10. ADAM 17 
expressions are co-regulated via a positive regulatory loop 
and MUCI appears as a therapeutic target by blocking 
ML'Cl cleavage or njclear translocation by using 
pharmacological approach and peptide strategies. 

MATERIALS AND METHODS 

Cell Culture^ KNA interference and transfections 
e\perimenls 

Renal cell lines ACHN and 7S6-0 were obtained 
from the American Type Culture Collection and cultured 
in MEM or DMEM supplemented with lO"'-! fetal bovine 
scnim (EBS). I'he cells were maintained at 37°C under a 
5% CO, atmosphere. Primary proximal tubular epithelial 
(PTE) cells were obtained from human nephrectomy, 
characterized and maintained as previously descnbed 
in [45]. Different MUCI expressing vectors [46] and 
pRetro Super Neo.GFP retroviral vectors encoding small 
hairpin RNA(shIi>JA) directed against MUCI [II] were 
stably transfected with Effectene" fQiagen. Courtaboeuf, 
France) in ACHN and 7SG-0 cells, respectively. Clones 
were isolated by serial limit dilution. For j/RNA 
experiments, ACHN and 786-0 cells were seeded die day 
before transfection at a densitv of 1 * 10'' cells per 75mm- 
flask in antibiodc-iree medium. Cells were transfected 
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with 100 nM ofPSENl, ADAMIO, MMP14, ADAM17 
or siCONTROL™ Non-Targeting SMARFptHj]' siRNA 
using GOfjL of DhiinnaFECT'" trynsfeclion reageni 
according lo Ihe manufjctiirer's instmclion^ jDharmaiion, 
I'erbio, France). In inhibition smdie.s, ACHN and 
ceils were cultured lo lO^'o coniljence iind exposed for 
24 h lo L6S5.45S (lOng/mL, Calbiochcm) or 48 h to 5 
|jM of GO-203 or CP2 peplides (GenScript). Tran^ienl 
transfEction of kB-Liic JhVntlielic promoler containing ihree 
icB-binding sites was pertomied with EfTeclene" (Qiagen) 
as previously described [47]. 

In vitro iiivnsion. migrntion, vinbtlit^' and anoikis 
assays 

Invasion and migriition assays carried oul as 
described previously [1 1]. ACHN and 7S6-0 cells were 
seeded in 96-well plales coaled (anoikis) or nol wilh 50|j.L 
of PolyHema (12 mg/mL; Signia Aldrich^ France). For 
viability and anoikis assays. 20jjL of MTS/PMS solulion 
(Promega "Celltiler%" Aqueous Non Radioactive Cell 
Prolilcration Assay" kit) was added daily in each well and 
placed aL 37"^' for 3 h. Then, the absorbance was read at 
490 nm. 

Aggregation assay 

ACFm and 786-0 cells were seeded in 6-well plates 
coated with O.S'^'n agar and incubated under agitalion al 
37'*C fur one hour Then, isolated and aggrcgaled cells 
were counted and percenlage of cell aggregation was 
calculated (aggregated cells/ (Isolated cells + aggregated 
cells) x!00). 

Western blotting 

Tola I cellular and nuclear/cylosolic estracis 
were prepared according to [11]. Western blolling 
was performed as described previously [11] using 
specific primary antibodies as detailed in Table SL For 
densilomelric analvsiss the expression level of each protein 
was carried out using G el Analysl-Gel Smart software 
(Clara Vision, Paris, France). 

In vivo studies 

Subcutaneous injections of 2.10'' cells were 
performed in SCID Beige mice (Charles Riyer^ France), 
bred and maintained under pathogen-free conditions. 
Tumour growlh was followed periodically. The tumour 
volume (mm'') was delermined by calculating V - W"'L/2 
in which W corresponds lo Ihe widlh (in nun) and L to the 
tumour length (in nun). Mice were killed 55 days after 
inoculation. All procedures were in accordance wilh the 



guidelines and approved by the animal care committee 
(Comite Ethique Experimentation Aniraale Nord l*as-de- 
Calais. PemiiL Protocol number: CEEA 172011). 

I in ni u no h isto c h e m i sir y 

[ mm uno histochemistry protocols for MUCI (anti- 
human: 1/50. MUCI clone MS; gift from D. Swallow, 
Imperial Cancer Research, London; anti-rat: 1/500. Muc I 
Ab-5, Lab Vision Corp). ADAM 10 (polyclonal anti- 
human: 1/200, Abeam) and ADAM 17 (monoclonal anti- 
human: 1/200, Abeam) were performed as previously 
described [II]. I^G control antibodies were used for 
immunohistochemical analysis and did not show any 
specific staining. 

Slatistieal analysis 

Statistical analysis of Ihe data was performed 
usin^i a Student's two-tailed ^-test, P-yfllues <0.05 ware 
considered as significant, 
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